Introduction: Flood recession farming, locally known as molapo farming, is an important livelihood activity for the subsistence farming community around the Okavango Delta. The study was aimed at investigating the influence of cultivation frequency on non-crop species composition. It was carried out in the peripheral settlements of Shorobe, Makalamabedi and Lake Ngami. Methods: Vegetation sampling was conducted from March to April 2016 in 36 fields of varying historical cultivation frequencies. The cultivation frequencies were 5, 10 and 15 years with an uncropped control site. Sampling was done in 1-m 2 quadrats placed 10 m apart along a line transect. Shannon's diversity and equitability indices were used to compare diversity for each cultivation frequency within and across the study sites. The Kruskal-Wallis test was used to investigate significant differences in diversity between cultivation frequencies. Rank of abundance was used to determine the association of weeds with the cultivation frequencies. Results: Cultivation frequency did not influence species diversity (p > 0.05) at either Lake Ngami or Shorobe. Species evenness was significantly different (p < 0.05) between the cultivation frequencies at Shorobe, but not at either Makalamabedi or Lake Ngami. There was a significant difference (p < 0.05) in diversity indexes across the four cultivation frequencies. The 5-year frequency recorded the highest median score (Md = 1.352) while the 15-year frequency recorded the lowest median score (Md = 1.035). Corchorus tridens was the most abundant noncrop species at the 5-and 15-year frequencies. Cynodon dactylon was most abundant in the 10-year frequency while Cyperus esculentus was most abundant in uncropped fields. Conclusions: Cultivation frequency influenced weed species diversity and composition in flood recession farming. Flood recession farming fields were dominated by common weed species which are also troublesome in dryland arable farming. Uncropped sites were composed of wetland species that tolerate some dry periods or seasonal flood plains.
Introduction
Disturbance is a distinct event that can modify the composition of an ecosystem and plant community and may also influence resource availability or the physical environment (Powell 2000; Hobbs and Humphries 1995) . For instance, cultivation can disrupt the soil and existing plant communities facilitating invasion of some plant species while others may fail to grow in the new or modified environment. Areas such as agro-ecosystems are examples of human-induced disturbance. In such managed systems, non-crop plants (hereafter called weeds) have evolved in response to cropping system practices by adapting and occupying open niches (Dekker 1997) . These species are pioneers that increase diversity of agricultural ecosystems by using their environmental potential (Bhowmik 1997) and sometimes may reduce the diversity by pushing the ecosystem towards a mono-dominant structure. Yadav and Gupta (2005) found that the diversity and basal area of most woody species declined with increased human disturbance leading to their complete eradication from highly disturbed forests. The study also showed that species such as Anogeissus pendula exhibited high density in highly disturbed areas, which was in line with Hobbs and Humphries (1995) who noted that the effect of disturbance is influenced by its size and frequency. However, in the Okavango Delta, it has not been established how soil tillage influenced species composition and diversity where molapo farming is practised. Hence, it was imperative to carry out this study to establish how the frequency of disturbance in terms of soil tillage impacts on weed species communities.
While disturbance is widely recognised as a primary influence on plant community in agro-ecosystems, weed species diversity and composition may be influenced by a suite of factors with varying degrees of intensity. These factors include agricultural practices such as weeding, soil tillage and agro-chemicals (Pal et al. 2013; Armengot et al. 2011) . Soil tillage has the potential to change the plant community composition and diversity. The frequency of cultivating the land influences changes in weed species richness and diversity (Shemdoe et al. 2008) . Soil tillage promotes establishment of highly competitive plant species. It makes soil suitable for germination and seedling establishment (Handa et al. 2012) . In minimum till systems, weed seeds accumulate on the soil surface where conditions are favourable for seed germination and thus have high species richness and diversity (Yenish et al. 1992; Shemdoe et al. 2008) . Broadleaf weed species tend to dominate under conventional tillage systems and are thought to be stimulated by light as they are brought to the soil surface (Froud-Williams et al. 1983) . A study by Yenish et al. (1992) showed that non-tillage systems typically have higher populations of small-seeded annual weeds such as Setaria spp. and Amaranthus spp. while tillage systems using mouldboard ploughs have more largeseeded annual weeds like Xanthium strumarium L. However, studies by Swanton et al. (1999) concluded that there was no consistent relationship between weed diversity and tillage system. This contradictory observation suggests that there may be other factors other than tillage that may influence weed density. Such factors include crop rotation (Swanton and Weise 1991; Andersson and Milberg 1998; Legere and Samson 1999) and cover crops which may have demonstrated allelopathic properties that inhibited weed establishment and growth Mohler and Teasdale 1993) . These cover crops have also been found to suppress weeds by competing for water, light and nutrients . However, there has not been adequate information available on these factors on how they influence weed species composition and diversity in the agro-ecosystems of the seasonal floodplains in the Okavango Delta.
Thus, changes in land use and management practices can influence vegetation composition, especially weed flora in agro-ecosystems. Early studies by Kellman (1980) on geographic patterning in tropical weed communities and early secondary successions found that changing from shifting to intensive or permanent agriculture in the tropics eliminated many woody species and replaced them with aggressive herbaceous weed species. In flood recession farming, plant species composition can be influenced by desiccation and/or reduced flooding. Handa et al. (2012) showed that facultative upland weeds completely dominated the drained cultivated sites as opposed to permanently inundated areas dominated by either obligate or facultative wetland species. Similarly, in the Okavango Delta, Setaria sphacelata was found to be more pronounced in areas subjected to shallow flooding (Bonyongo 1999) while Eleocharis dulcis and Leersia hexandra were found to be facultative wetland species as they were more tolerant to prolonged flooding (Tsheboeng et al. 2014) . These studies were focused on the floodplains, and no vegetation studies to date have been done in molapo farming. Molapo farming includes intensive cultivation of the floodplains (Oosterbaan et al. 1987; Petermann 1989; Bendsen 2002; Mmopelwa 2011) . It is practised along the edges of the river channels or seasonally flooded depressions on the fringes of the Okavango Delta (Bendsen 2002) . Given that this farming system is an essential livelihood activity for the majority of the communities that reside along the Okavango Delta, it warrants that similar studies should also be conducted in molapo farming. Therefore, this study was conducted to determine the influence of cultivation frequency on weed species composition and diversity in flood recession farming in the Okavango Delta.
Methods

Description of the study area
The study was conducted in the villages of Shorobe, Makalamabedi and Lake Ngami (Fig. 1) . The sites were chosen for their contrasting hydrology in terms of flooding patterns and the location of molapo fields. Shorobe is located in the eastern end of the Okavango Delta, and its administrative boundary is 1078 km 2 and lies 30 km east of Maun in Ngamiland District. It has a human population of 1031 (Statistics Botswana 2011) . Molapo fields are located in the northwest of the village and are inundated by the Santantadibe and Gomoti Rivers and by backflow from the Thamalakane River. The molapo fields in Shorobe are mainly found in islands with dense riparian woodlands, and they have a saucer-shaped cross-section and obtain moisture from spillover or backflow water from the main river channels (Bendsen 2002) . Normally, this area experiences maximum flood extent between August and September, and by the end of October, the flood begins to recede. Lake Ngami occupies the northeast part of a shallow sedimentary basin bounded to the Fig. 1 The Okavango Delta area, showing the study sites of Shorobe, Makalamabedi and Lake Ngami southeast by a low escarpment of Karoo and Ghanzi Formation rocks along an extension of the Kunyere Fault (Reeves 1978) . Lake Ngami did not receive enough flood water between 1989 and 2004. And farmers did not cultivate their molapo fields during these dry periods (Mmopelwa 2011). As a result, most molapo fields are relatively new and not permanently placed like those at Shorobe and Makalamabedi. The maximum flood extent is usually experienced on average in October. The lake is surrounded by Toteng, Sehithwa, Bodibeng and Bothatogo villages. At the last census, the human population for these villages was 902, 2748, 778 and 555 respectively (Statistics Botswana 2011). Lastly, Makalamabedi lies 83 km southeast of Maun along the Boteti River. The veterinary cordon fence that cuts through the village divides the village into two districts. Makalamabedi on the western side of the cordon fence lies on the Ngamiland District with a population of 1010 while the eastern side of the fence lies on the Central district with 1674 people (Statistics Botswana 2011). Arable farming is done in fields allocated along the Boteti River. Molapo fields located on steep banks along the Boteti River are characterised as channel type (Bendsen 2002 ). This river is an ephemeral water channel which derives flood waters from the Okavango Delta through Thamalakane River. It flows in a south-easterly direction and finally discharges into Lake Xau. The peak floods are between August and September.
Selection of study sites (molapo fields)
Field visits were conducted to identify molapo fields at the different study sites. Once suitable fields had been identified, consent was sought from farmers and information gathered on tillage history in terms of the number of years the field has been cultivated. The fields were categorised according to the historic frequency of continuous cultivation in years. The categories were defined as follows: continuous cultivation for the previous 5 years, 10 years and 15 years, while equivalent sites with no history of cultivation were used as a control. Simple random sampling (SRS) was then carried out using a random number generator in MS Excel to draw 3 fields from each stratum or cultivation frequency. A total of 12 fields per study site were selected (Fig. 2 ).
Vegetation sampling
Vegetation was surveyed at the three sites from March to the end of April 2016, when most plants were flowering for easy identification. Since fields have a small hectarage, a 50-m line transect was used in each field. The line transects were laid parallel to each other and spaced 20 m apart. Weed species composition and abundance were then recorded in 1-m 2 quadrats placed along each transect at a 10-m interval. Since molapo fields have small hectarage and irregular shape, the number of quadrats surveyed differed from one site to the other. For instance, a total of 93 quadrats were surveyed at Shorobe, 86 at Makalamabedi and 74 at Lake Ngami. In each quadrat, all species were identified and the number of individuals was counted (without accounting for vegetative reproduction). Unidentified plants were mounted and taken to the Peter Smith University of Botswana (PSUB) herbarium at the Okavango Research Institute for identification.
Data analysis
Agglomerative hierarchical cluster analysis was used to group species. It was performed using Sorensen distance measure with flexible beta linkage; β = − 0.25 in PC-ORD 6 software (McCune and Mefford 2011). This was done by clustering groups of species based on the number of times they occur with each other in the field quadrat data. Indicator Species Analysis (Dufrene and Legendre 1997) was used to calculate indicator values for species in groups determined from cluster analysis. Each group was named using the weed species with the highest indicator value and a significant p value (p ≤ 0.05). Multi-response permutation procedure (MRPP) was used in testing the hypothesis of no difference between the groups of species communities in molapo farming using the Sorensen distance measure. The test statistic T was calculated as T = ((δob-served − δexpected)/s.devδexpected). This determines the separation between weed species communities, with more negative values indicating stronger separation. Within-group homogeneity is determined by the effect size or chance-corrected within-group agreement A = 1 − (δobserved/δexpected). A = 1 when all items are identical within groups (δ = 0), A = 0 when heterogeneity within groups equals expectation by chance and A < 0 with more heterogeneity within groups than expected by chance.
Species diversity and evenness were determined for each frequency of cultivation within and across the study sites. Shannon's diversity indices were determined using Paleontological Statistics (PAST) version 3.12. Kruskal-Wallis was used to test for statistically significant differences in species density across the cultivation frequencies as well as species diversity between frequency of cultivation within and across the study sites. Since Kruskal-Wallis is an omnibus test, independentsample median test was conducted to establish which groups differ significantly (between-group comparisons). This was performed in SPSS version 24. Rank/ abundance plot was used to plot species abundance data to rank weed species for each cultivation frequency. The species abundances were displayed in log 10 format to accommodate species whose abundances span several orders of magnitude on the same graph (Magurran 2004) . This assisted in determining the association between weeds and the cultivation frequencies, and it was performed in PC-ORD 6.
Results
Determination of number of clusters and Indicator Species Analysis
The number of weed species clusters/communities was determined at four divisions where the mean p value (p < 0.05) was minimised (Fig. 3) . The main weedy species communities identified were Cynodon dactylonBulbostylis hispidula, Sida cordifolia-Corchorus tridens, Glinus oppositifolius-Heliotropium ovalifolium and Sida alba-Abutilon angulatum. Cultivation frequency did not significantly influence weed species density (p > 0.05) across the study sites (Fig. 4) . Furthermore, there was a stronger separation between Cynodon dactylon-Bulbostylis hispidula and Sida cordifolia-Corchorus tridens communities, while Fig. 2 The distribution of sampled molapo fields at Shorobe, Makalamabedi and Lake Ngami Sida cordifolia-Corchorus tridens and Sida alba-Abutilon angulatum communities were closer together ( Table 1) .
Description of the different weed species communities Cynodon dactylon-Bulbostylis hispidula community
This community was composed of 30 species and was dominated by Cynodon dactylon (L) Pers and Bulbostylis hispidula (Vahl.). It was also defined by Acanthospermum hispidum DC., Triumfetta pentandra A.Rich, Nidorella resedifolia DC. and Phylla nodiflora (L.). This community is mostly characterised by herbaceous plants and few species from the Poaceae family. It was observed that it occurs mainly in fields that have a 10-year cultivation frequency and fields situated mainly on the upper slopes or upper zones of the flood zones.
Sida cordifolia-Corchorus tridens weed species community
This community recorded a total of 28 species, dominated by Sida cordifolia L. and Corchorus tridens L. It was also represented by Ipomea sinensis (Desr.), Digitaria debilis (Desf.), Ipomoea coptica (L.) Roem. & Schult. and Hibiscus cannabinus L. Some species in this community are reported to be mostly dominant in fields with a 15-year cultivation frequency like Corchorus tridens L., Ipomea sinensis (Desr.) and Panicum coloratum L. 
Glinus oppositifolius-Heliotropium ovalifolium weed species community
A total of 29 species were identified in this community. It was dominated by Glinus oppositifolius (L.) Aug.DC. and Heliotropium ovalifolium Forssk. This community was also characterised by Cyperus esculentus L., Fimbristylis dichotoma (L.) Vahl, Cyperus latifolius Poir., Pavonia senegalensis Cav. and Alternanthera sessilis (L.) DC. These species are tolerant to high moisture content. It was observed that this community occurs mainly in uncropped fields which normally get inundated during flooding.
Sida alba-Abutilon angulatum weed species community
This community was constituted by 15 species, dominated by Sida alba L. and Abutilon angulatum (Guill&Perr) Mast. Other species defining this community were Xanthium strumarium L., Chenopodia carinatum R.Br., Eclipta prostrata (L.) and Chamaecrista biensis (Steyaert) Lock. This community was observed to inhabit fields with a cultivation frequency of 5 years, mostly fields situated within the lower gradient of the floodplains.
Species diversity within study sites Lake Ngami Lake Ngami did not have both 10-and 15-year cultivation frequencies. Uncropped sites had the highest Shannon's diversity index of 1.22 compared with 1.11 recorded at the 5-year cultivation frequency, but the difference was not statistically significant (Fig. 5) , suggesting that cultivation frequency did not have an effect on weed species diversity at Lake Ngami. Similarly, the species evenness was similar across the cultivation frequency (p > 0.05), indicating that cultivation frequency did not have an effect on species evenness (Fig. 6 ).
Makalamabedi
Uncropped and 5-year cultivation frequency had similar species diversity and were both higher than the 10-and 15-year cultivation frequency (Fig. 5) . However, the 5-year cultivation frequency displayed significantly higher mean species diversity than both the 10-year and 15-year cultivation frequencies at p < 0.05. This showed a descending trend as the frequency of cultivation increased. However, uncropped sites showed a high presence of species than both the 10-and 15-year cultivation frequencies, but the difference was not significant (p > 0.05). There was no significant difference (p > 0.05) in mean species evenness across the cultivation frequencies, suggesting that Shannon's equitability index (species evenness) was not influenced by the frequency of cultivation at Makalamabedi (Fig. 6 ).
Shorobe
The 5-year cultivation frequency displayed higher species diversity and evenness than the 10-year and 15-year cultivation frequencies (Fig. 5) . However, this trend was not statistically significant (p > 0.05). On the other hand, mean species evenness was significant across the cultivation frequencies (p < 0.05). The results suggested that cultivation frequency influenced weed species evenness in Shorobe. Further investigation suggested that 5-year cultivation frequency (M = 0.653, SD = 0.171) differed significantly with uncropped fields (M = 0.544, SD = 0.198). This indicated that species present at the 5-year cultivation frequency are distributed equitably than in the uncropped fields (Fig. 6 ).
Species diversity indices across the study sites as defined by the different cultivation frequencies
Kruskal-Wallis test was used to test for statistically significant difference in mean species evenness and species diversity between cultivation frequencies. There was a statistically significant difference in mean species diversity (H′) across the four cultivation frequencies ((uncropped, n = 38; 5 years, n = 43; 10 years, n = 51; 15 years, n = 47), χ 2 (3, n = 179) = 8.217, p = 0.042 (Fig. 7) ). The 5-year cultivation frequency recorded a higher median score (Md = 1.352) than the other cultivation frequencies while 15-year cultivation frequency recorded the lower median score (Md = 1.035) than the other categories. There was no statistically significant difference in mean species evenness across the cultivation frequencies ((uncropped, n = 38; 5 years, n = 43; 10 years, n = 51; 15 years, n = 47), χ 2 (3, n = 179) = 1.107, p = 0.775 (Fig. 8)) . The results suggested that the equitable distribution of weed species was similar across the cultivation frequencies.
The association of weed species with the cultivation frequencies is presented in Table 2 . Cyperus esculentus L., Corchorus tridens L. and Cynodon dactylon (L.) Pers. were the most abundant in uncropped sites, 5-, 10-and 15-year frequencies, respectively. Corchorus tridens L. was found in all the frequencies except in uncropped. The uncropped fields have mostly species from the Cyperaceae family. Digitaria debilis (Desf.) is the only species from the Poaceae that forms part of the five most abundant species in uncropped fields.
Discussion
Previous studies in the Okavango Delta such as Tsheboeng et al. (2014) , Murray-Hudson et al. (2006) , McCarthy et al. (2005) , Bonyongo (1999) and Ellery et al. (1993) have demonstrated that vegetation communities are influenced by flood duration, depth and frequency. In flood recession farming areas of the Okavango Delta, weed species composition and diversity were found to be influenced by frequency of cultivation, suggesting that cultivation Fig. 6 Influence of cultivation frequency on species evenness within the study sites (a Makalamabedi, b Shorobe, c Lake Ngami) frequency can be an important driver of weed species assemblages in flood recession farming. Species diversity decreased with increasing frequency of cultivation while species evenness was not affected. This was probably due to cultivation over the years that might have stimulated germination of weed seeds from the seed bank resulting in a decrease in the seed bank especially when there is no seed rain to replenish the seed bank. In support of this assertion, Froud-Williams et al. (1983) stated that nondominant buried seeds will be brought to the soil surface and germinate upon cultivation.
High species diversity in fields categorised under the 5-year frequency might be due to availability of seed bank that has been buried. Consequently, fields in this cultivation frequency are relatively new, and as such, they harbour more seed banks which might have led to high species diversity than the other cultivation frequencies. On the other hand, fields under the 15-year cultivation frequency are older fields that have been subjected to intense cultivation for a long period of time. This could have led to reduction in the size of the seed bank resulting in low weed density and consequently low diversity. Similarly, Streibig (1988) pointed out that recurring soil preparation techniques impose strong selection pressure upon weed flora. On the whole, this might explain why the 5-year cultivation frequency has high weed species diversity than the 15-year cultivation frequency. Comparatively, the 5-year cultivation frequency is a moderate level of disturbance in arable fields; the results could thus support the intermediate disturbance hypothesis (Grime 1973; Connell 1978) . Intermediate disturbance hypothesis (IDH) states that species diversity is maximised when disturbance is neither too rare nor too frequent. Similarly, species diversity was maximised at the 5-year cultivation frequency and declined significantly with an increase in cultivation frequency. Uncropped fields also recorded lower species diversity than the 5-year frequency. This could be that at the 5-year cultivation frequency, weed species that thrive at both early and late successional stages can co-exist. In support of this, Huston (1979) mentioned that reduced levels of disturbance will lead to low diversity through competitive exclusion and dominance of long-lived Fig. 7 Graphical representation of the independent-samples Kruskal-Wallis test on Shannon's diversity index across the study sites Fig. 8 Graphical representation of the independent-samples Kruskal-Wallis test on species evenness across the study sites species while increased levels eliminate species incapable of rapid re-colonisation and growth. In summary, in arable fields, reduced levels of disturbance could be through fallowing.
The influence of cultivation frequency on weed species abundance was determined by rank/abundance plots. Five common weed species were selected at each cultivation frequency as also demonstrated by Shemdoe et al. (2008) . The uncropped sites were mostly dominated by species belonging to the Cyperaceae family, and Cyperus esculentus L. was the most frequently occurring species. Other species that occurred more frequently in the uncropped sites were Cyperus latifolius L., Fimbristylis dichotoma (L.)Vahl and Cyperus longus L. In a similar study in the Okavango Delta, Bonyongo (1999) recorded Cyperus species in floodplain vegetation. The study also linked the observed different plant communities to differences in flooding time and duration. Murray-Hudson et al. (2006) also noted that Cyperus species are wetland species that are able to tolerate some dry periods and as such are found in areas that are flooded on seasonal basis such as molapo farming. Most species found in uncropped sites had rhizomes on which tubers develop and lie dormant in the soil for a longer period of time. This might explain their coexistence and dominancy in uncropped sites. Additionally, Digitaria debilis (Desf.) was the only species of the Poaceae family most dominant in uncropped sites. It shared a similar habitat with the species of the Cyperaceae which were mostly abundant in uncropped fields. According to Heath and Heath (2009) , D. debilis (Desf.) occasionally colonises damp areas of the flood plains and often rooted in water. However, the absence of these species at both the 5-and 10-year cultivation frequencies might be due to the fact that tillage reduces regenerative potential of perennial weeds (Stoller and Sweet 1987) because the tubers are sensitive to cultivation. Previous studies by Bangarwa et al. (2012) and Stoller et al. (1972) indicated that tubers for species like Cyperus esculentus L are equally sensitive to soil disturbance despite the number of times the disturbance is repeated.
Consequently, all the three cultivation frequencies were dominated by common arable weed species such as C. tridens L., C. dactylon, Ipomea species and Acanthospermum hispidum DC. In addition, Corchorus species are common weeds in Europe, Australia, Asia and Africa (Holm et al. 1979) . It is the only species that appeared across all the frequencies except in uncropped fields. According to Dzerefos et al. (1995) , C. tridens L has affinity to cultivated land, and it is also one of the weeds that are commonly used as traditional vegetables, especially in Africa (Maroyi et al. 2013) . In Botswana, Corchorus species are mostly found around the Okavango Delta (Phillips 1991) while C. dactylon is widespread in Botswana as a weed in both dry land and irrigated fields (Abdullahi 2002) . Similarly, Acanthospermum hispidum is a troublesome weed in agricultural fields and is one of the top 10 common weeds in the USA (Teuton et al. 2006) . Equally, in Botswana, it is found in cultivated fields and other disturbed places where it forms dense stands (Abdullahi 2006) .
The species that are more frequently occurring at the 5-year cultivation frequency were C. tridens, C. dactylon, B. hispidula, Ipomea sinensis and Heliotropium ovalifolium. Moreover, Cynodon dactylon was mostly abundant in the 5-year and 10-year cultivation frequencies. It was however observed that most fields at the 15-year cultivation frequency had no visibility of Cynodon dactylon across the study sites. In view of this, it could be suggested that as the intensity of cultivation increases, the abundance of C. dactylon also decreases. Since this weed species is rhizomatous (Labovitch 1978) , the frequency of cultivation might 
Conclusions
This study has demonstrated that cultivation frequency influenced weed species composition and diversity in flood recession farming areas of the Okavango Delta.
Frequently cultivated molapo fields were dominated by weed species. Uncropped sites were composed of wetland species that tolerate some dry periods or seasonal flood plains. Findings from this study contribute towards development of weed management strategies in flood recession farming.
